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1
OPTICAL CONVERTER WITH ADC BASED
CHANNELIZER FOR OPTICAL LNB SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation 61/443,500 filed Feb. 16, 2011, the entirety of which is
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to conversion of satellite sig-
nals to an intermediate (IF) frequency for content decoding
and selection of data within satellite signals for content
decoding utilizing an optical LNB or an optical converter.

BACKGROUND OF THE INVENTION

Content may be transmitted by a geosynchronous satellite
communication network to users for decoding and playback.
A system diagram of a typical satellite download link is
illustrated in FIG. 1. The satellite downlink 100 includes a
satellite antenna 102 connected to alow noise block converter
(LNB) 104. The LNB is connected to a satellite receiver/
decoder 106. The satellite can transmit signals including con-
tent channels modulated on a carrier. The content channels
can be analog content channels or digital content channels. In
many systems, data is modulated onto the same carrier using
different polarizations. Where digital content channels are
modulated onto a carrier, the digital data modulated on the
carrier can include a plurality of digital content channels,
each of which typically includes at least one video and/or
audio stream.

In many instances, a signal containing multiple content
channels is transmitted to a satellite network from an uplink
facility. A transponder on the satellite then transmits a signal
that can be received by a number of satellite antennas 102.
The received signal is then passed to a LNB 104, which down
converts the signal to an intermediate frequency (IF). Lastly,
the IF signal is passed to a satellite receiver/decoder 106, such
as a set top box, where the signal containing content is
demodulated and decoded (i.e. audio and/or video) for play-
back.

In this way, information transmitted as relatively high fre-
quency satellite signals, usually as microwave signals, may be
converted to similar signals at a much lower frequency, usu-
ally known as an intermediate frequency (IF) compatible with
the electronics of the decoding device and/or cabling used to
connect an LNB to a satellite receiver/decoder. A content
channel is the digital data modulated onto a carrier frequency
within the IF signal. Users may then receive selected content
channels as IF signals for decoding and use. Representations
of'the frequency spectra of signals during various stages in the
down-conversion of satellite communication signals is illus-
trated FIGS. 2A, 2B and 2C.

Radio frequency (RF) signals are typically transmitted by
a satellite to a receiver at high frequencies. A typical satellite
radio frequency (RF) signal for downlinking is illustrated in
FIG. 2A. As illustrated, the signal is transmitted at high fre-
quencies, spanning from 11 GHz to 12 GHz. A satellite signal
when received by a satellite signal receiver is usually weak
after traveling great distances during transmission and is of a
relatively high frequency. When signals are sent through
coaxial cables, the higher the frequency, the greater the losses
that occur in the cable per unit of length.
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A LNB may be used to amplify and convert these high
frequency signals to a lower, more manageable frequency.
The frequency spectrum of satellite signals processed by a
LNB is illustrated in FIGS. 2B and 2C. In Europe, the stan-
dard is often horizontal polarization and vertical polarization.
Inthe U.S., the standard is often left circular and right circular
polarization. The frequency band for each polarization is
10.7-12.75 GHz. The total bandwidth received at a satellite
antenna is typically greater than 4 GHz. The frequency band
for satellite signal transmission in a coaxial cable is 950-2150
MHz. In Europe, the frequency spectrum of LNB processed
signals may be from 950 MHzto 2150 MHz (see F1G. 2B). In
the United States (U.S.), the frequency spectrum of LNB
processed signals may be from 950 MHz to 1450 MHz (see
FIG. 20).

Signals containing content received from a satellite typi-
cally include multiple content channels in the frequency band
of the carrier signal. Typical frequency spectrum for carrier
frequencies of channels of encoded digital data carried by the
IF signal processed by atypical LNB is illustrated in FIG. 2D.
An LNB can separate the 4 GHz bandwidth into smaller
bandwidth signals that are sent out instead of the full band.
Here, the frequency band spans from 950 MHz to 2150 MHz
or 1450 MHz and there are multiple 36/55 MHz content
channels in this frequency band. In order for a user to decode
selected content, an [.-band tuner may be used to select the
desired channel. For example, a certain carrier frequency may
be selected where a 36/55 MHz band may be transferred to a
decoding device for use by the user.

LNBs can be implemented in many ways using many dif-
ferent LNB architectures. FIG. 3 illustrates a diagram of a
typical universal LNB architecture with dual outputs. In this
architecture, the LNB receives two RF input signals from the
satellite. One signal is for the vertical polarization antenna
302 and the other is for the horizontal polarization antenna
304. For example, the frequency band of both signals may be
from 10.7-12.75 GHz. The LNB first separates the signal into
two bands with two band pass filters, a low band 306 (10.7-
11.7 GHz) and a high band 308 (11.7-12.75 GHz). Low band
signals are mixed down to 950-1950 MHz with local oscilla-
tor (LO) 310 at 9.75 GHz. The LO is the frequency used in the
LNB to block convert the frequency of the satellite signal, or
transponder frequency, to a lower frequency band. High band
signals are mixed down to 1100-2150 MHz with LO 312 at
10.6 GHz. Output signals are selected from the four down
converted L-band signals with a 4:2 multiplexer 314 in
response to request for specific channels from the decode
device. Using the Universal LNB illustrated in FIG. 3, view-
ers can only tune to content on two of the 1 GHz L-band
channels at any time. Additional cables are required for users
to watch content from more than two of the 1 GHz L-band
channels.

Instead of utilizing multiple cables, however, coax cable
can be replaced with optical cable. Optical cable is able to
carry the full 4 GHz bandwidth (or even greater bandwidth in
systems that receive signals from multiple satellite transpon-
ders). In order to use optical cable, an optical LNB can be
utilized. Optical cable installation is also beneficial in build-
ings where no exiting cable television (CATV) cable is
present. FIG. 4 illustrates a block diagram of a typical optical
LNB. In the illustrated optical LNB architecture, the optical
LNB receives 2 RF inputs. One is from the vertical polariza-
tion antenna 402 and the other is from the horizontal polar-
ization antenna 404. In many instances, the frequency band of
both signals is 10.7-12.75 GHz. The vertical polarized signal
is mixed down to 0.95-3 GHz witha LO 406 at9.75 GHz. The
horizontal polarized signal is mixed down to 3.4-5.45 GHz
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witha LO 408 at 16.15 GHz. The two mixed down signals are
combined into a single signal (412) and converted to an opti-
cal signal via an optical driver 414 and output through an
optical cable 410. The output frequency for an optical LNB as
illustrated here may be 0.95-5.45 GHz.

Typically, satellite set top boxes (STB) are configured to
receive L-band RF signals at 950-2150 MHz. In order to
interface with a satellite STB, an optical converter is used for
each STB to convert the optical signal back to an RF signal.
FIG. 5 illustrates a typical block diagram of an optical con-
verter 502 at the STB side for converting an optical signal to
aRF signal. The function of the optical converter is to convert
the optical signal into a RF signal and to mix at least a portion
of'the RF signal to the L-band, for example at 950-2150 MHz.
FIG. 6 shows a block diagram of a typical optical converter at
the STB side. In this optical converter architecture, the optical
signal received from the optical cable 608 is converted to a RF
signal using a photo detector (PD) 602. The full four GHz
band is separated into four one GHz signals with four band-
pass filters 604. Each filtered signal is frequency translated to
the L-band, with a mixer if necessary. The final output is
selected between these four L-band signals with a multiplexer
(Mux Sell 606.

In the system illustrated in FIG. 6, to select frequency band
1950-3000 MHz, the RF signal is first filtered by a band-pass
filter 610 for 1950-3000 MHz. The filtered signal is then
mixed down 1100-2150 MHz with LO 612 at 4.1 GHz. The
multiplexer (Mux Sell then selects the content channel asso-
ciated with the signal at frequency band 1950-3000 MHz.

SUMMARY OF THE INVENTION

Systems and methods in accordance with embodiments of
the invention convert satellite signals to an intermediate fre-
quency (IF) and select modulated data within the satellite
signals for content decoding. One embodiment includes an
optical low noise block converter (LNB) including a digital
channelizer switch configured to select at least one content
channel from an input signal including a plurality of content
channels modulated onto a carrier, the optical LNB including:
a plurality of inputs, where each of the plurality of inputs is
configured to receive an input signal including a plurality of
content channels modulated on a carrier; a plurality of mixers,
where each mixer is connected to an input and is configured to
down convert the content channels to an intermediate fre-
quency signal; and a digital channelizer switch. The digital
channelizer switch includes a plurality of high speed analog
to digital converters, where each high speed analog to digital
converter is configured to digitize an intermediate frequency
signal generated by one of the mixers; a plurality of digital
channelizers, where each digital channelizer is configured to
digitally tune a content channel from a digitized intermediate
frequency signal generated by one of the high speed analog to
digital converters; a multiplexer configured to select digitized
intermediate frequency signals generated by the plurality of
high speed analog to digital converters as inputs to the plu-
rality of digital channelizers; a common combiner configured
to digitally combine the plurality of content channels digitally
tuned from at least one of the digitized intermediate fre-
quency signals by the plurality of digital channelizers; and a
high speed digital to analog converter configured to generate
an analog output signal using the output of the common
combiner. In addition, the optical LNB includes an optical
driver configured to convert the analog output signal from the
high speed digital to analog converter to an optical output.

In a further embodiment, the mixer includes a local oscil-
lator.
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In another embodiment, the content channel includes a
digital content channel.

In a still further embodiment, the content channel includes
an analog content channel.

In still another embodiment, the frequency of the input
signal is in the range from 10.7 GHz to 12.75 GHz.

In a yet further embodiment, the frequency of the interme-
diate frequency signal is in the range from 0.2 GHz to 2.25
GHz.

In yet another embodiment, the frequency of the analog
output signal is in the range from 950 MHz to 2150 MHz.

In a further embodiment again, the frequency of the analog
output signal is in the range from 950 MHz to 1450 MHz.

In another embodiment again, the high speed analog to
digital converter is configured to sample the intermediate
frequency signal at a frequency at least twice the highest
frequency of the intermediate frequency signal.

A further additional embodiment includes an optical con-
verter with a digital channelizer switch configured to select at
least one content channel from an input signal including a
plurality of content channels modulated onto a carrier, the
optical converter including: a photo detector configured to
generate a radio frequency (RE) signal from an input signal
found on an optical cable, the input signal including a plural-
ity of content channels modulated on a carrier as an interme-
diate frequency signal; a digital channelizer switch including:
a high speed analog to digital converters configured to digi-
tize the radio frequency signal generated by the photodiode;
at least one digital channelizer, where each digital channel-
izer is configured to digitally tune a content channel from the
digitized radio frequency signal generated by the high speed
analog to digital converter; a multiplexer configured to select
digitized radio frequency signals generated by the plurality of
high speed analog to digital converters as inputs to the plu-
rality of digital channelizers; a common combiner configured
to digitally combine the plurality of content channels digitally
tuned from the digitized radio frequency signal by the plural-
ity of digital channelizers; and a high speed digital to analog
converter configured to generate an analog output signal
using the output of the common combiner.

In another additional embodiment, the photo detector is
selected from the group consisting of photodiodes, photomul-
tiplier tubes and phototransistors.

In a still yet further embodiment, the content channel
includes a digital content channel.

In still yet another embodiment, the content channel
includes an analog content channel.

In a still further embodiment again, the frequency of the
analog output signal is in the range from 950 MHz to 2150
MHz.

In a still another embodiment again, the frequency of the
analog output signal is in the range from 950 MHz to 1450
MHz.

In a still further additional embodiment, the high speed
analog to digital converter is configured to sample the radio
frequency signal at a frequency at least twice the highest
frequency of the radio frequency signal.

Still another additional embodiment includes a method of
selecting at least one content channel from at least one input
signal using an optical LNB with a digital channelizer switch,
where each input signal includes a plurality of content chan-
nels modulated on a carrier, the method including: receiving
at least one input signal at the optical LNB, where each input
signal includes a plurality of content channels modulated on
acarrier; down converting the plurality of content channels on
each of the at least one input signals to an intermediate fre-
quency signal using at least one mixer; digitizing each of the
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intermediate frequency signals using at least one high speed
analog to digital converter; digitally tuning at least one con-
tent channel from the at least one digitized intermediate fre-
quency signals using at least one digital channelizer; gener-
ating an analog output signal from at least one digital content
channel digitally tuned from a digitized intermediate fre-
quency signal using at least one digital to analog converter;
and converting the analog output signal from the high speed
digital to analog converter to an optical output using an opti-
cal driver.

A yet further embodiment again includes a method of
selecting at least one content channel from an input signal
including a plurality of content channels modulated on a
carrier, the method including: receiving at least one input
signal using an optical low noise block converter (LNB)
including a digital channelizer, where each input signal
includes a plurality of content channels modulated on a car-
rier; down converting the plurality of content channels on
each of the at least one input signals to an intermediate fre-
quency signal using at least one mixer in the optical LNB;
combining the plurality of intermediate frequency signals
using a common combiner in the optical LNB; converting the
combined plurality of intermediate frequency signals to an
optical signal for transmission over an optical cable using an
optical driver in the optical LNB; converting the optical signal
to aradio frequency signal using a photo detector in an optical
converter; digitizing the radio frequency signal using at least
one high speed analog to digital converter using an analog to
digital converter in the optical converter; digitally tuning at
least one content channel from the at least one digitized radio
frequency signal using at least one digital channelizer in the
optical converter; and generating an analog output signal
from at least one digital content channel digitally tuned from
a digitized intermediate frequency signal using a digital to
analog converter in the optical converter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a system diagram of a typical satellite
downlink.

FIG. 2A illustrates a typical satellite radio frequency (RF)
signal for downlinking.

FIG. 2B illustrates the frequency spectrum of satellite sig-
nals when processed by a LNB in accordance with European
standards.

FIG. 2C illustrates the frequency spectrum of satellite sig-
nals when processed by a LNB in accordance with U.S.
standards.

FIG. 2D illustrates the typical frequency spectrum for
modulated digital data on a plurality of content channels
within an [.-Band IF signal generated by an LNB.

FIG. 3 illustrates a typical universal LNB with dual out-
puts.

FIG. 4 illustrates a block diagram of a typical optical LNB.

FIG. 5 illustrates a block diagram of a typical optical con-
verter at the STB side for converting an optical signal to an RF
signal.

FIG. 6 illustrates a block diagram of a typical optical con-
verter at the STB side.

FIG. 7 illustrates an optical LNB including an integrated
channelizer switch in accordance with an embodiment of the
invention.

FIG. 8 illustrates an optical converter including an ADC
based channelizer in accordance with an embodiment of the
invention.
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FIG. 9 illustrates a channelizer switch in accordance with
an embodiment of the invention.

DISCLOSURE OF THE INVENTION

Turning now to the drawings, systems and methods for
converting satellite signals to an IF frequency signal, and
selecting modulated data within the satellite signals for con-
tent decoding are disclosed in accordance with embodiments
of the invention. In various embodiments, analog circuitry is
utilized to generate an IF signal that is then digitized to enable
selection of the modulated digital data within the received
satellite signal to provide to a decoder device using digital
signal processing techniques. Once selection is performed
using digital signal processing, the selected modulated digital
data is converted back to an analog signal and output by the
optical LNB. In several embodiments, a digital channelizer is
used to separate the content of a single content channel (i.e.
digital data modulated onto a specific carrier frequency) from
the signals received via the satellite downlink. A digital chan-
nelizer can also be utilized in an optical LNB and in optical
converters in accordance with embodiments of the invention.
Optical LNBs in accordance with many embodiments of the
invention can utilize analog to digital converters (ADC) such
as the ADCs developed by Mobius Semiconductor Inc. of
Irvine, Calif., which can sample at multiple GHz and dissi-
pate less power than a traditional RF mixer based tuner. Down
converted satellite band signals may typically be between
950-2150 MHz. The sample rate needs to be at least two times
the maximum frequency. Therefore, optical LNBs in accor-
dance with certain embodiments of the invention use an ADC
or DACs developed by Mobius Semiconductor Inc. with a
maximum sample rate of 6 GHz. In addition, optical convert-
ers in accordance with many embodiments of the invention
use an ADC developed by Mobius Semiconductor, Inc. with
a maximum sampling rate of 12 GHz.

In a number of embodiments, utilizing a high frequency
low power analog to digital converter to digitize L.-band sig-
nals, a digital channelizer to select modulated digital data
from the digitized signal, and a digital to analog converter to
generate an analog output signal can significantly reduce the
power consumption and component cost of an optical LNB.
Certain embodiments provide for reducing most of the RF
circuitry from an optical converter, such as the BPF and
mixers. Analog RF circuitry consumes a significant amount
of power in optical LNBs and optical converters. Typically,
high performance analog RF components are also expensive.
In addition, content channel switching may be done instanta-
neously without settling time due to usage of digital circuitry.
In this way, optical LNBs and optical converters can be con-
structed in accordance with embodiments of the invention
that overcome power and cost constraints that may be
imposed by the use of analog components. Optical LNBs,
optical converters, and the use of high speed low power ana-
log to digital converters, and digital channelizers in accor-
dance with embodiments of the invention are discussed fur-
ther below.

Optical LNB with Integrated Digital Channelizer Switch

An optical LNB in accordance with many embodiments of
the invention may utilize an optical driver with an integrated
channelizer switch in many different ways. FIG. 7 illustrates
an optical LNB including an integrated channelizer switch in
accordance with an embodiment of the invention. In the opti-
cal LNB of FIG. 7, an input for the vertical antenna 702 and
an input for the horizontal antenna 704 are each connected to
different RF amplifiers 712. In many embodiments, the LNB
receives two RF input signals 702, 704 from a satellite. One
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signal is for the vertical polarization antenna and the other is
for the horizontal polarization antenna. For example, the fre-
quency band of both signals may be from 10.7-12.75 GHz. In
other embodiments, the frequency band of the signals is the
C-band (4-6 GHz), the X-band (8 GHz), the Ka-band (20-30
GHz) and/or any other band appropriate to a specific appli-
cation. Each of the RF amplifiers 712 are connected to a
different image band pass filter (BPF) 714. Each band pass
filter 714 is connected to a different mixer 716. Each mixer
716 is associated to acommon local oscillator (LO) 718. Each
mixer 716 is connected to a channelizer switch 720 via a
respective input to different low noise amplifiers (LNA) 722.
Each LNA 722 is connected to a different analog to digital
converter (ADC) 706. Each ADC 706 is associated with a
common oscillator 718 at 6 GHz. Each ADC 706 is also
connected to a common multiplexer, or multiplexer selector
(Mux Sell 724. For ease of discussion, the terms multiplexers
and multiplexer selectors are interchangeably used. The mul-
tiplexer 724 is connected to twelve different channelizers
708. Each channelizer 708 is combined (726) onto a single
common channel. The combined signal on the common chan-
nel is provided to a DAC 710. The DAC 710 is connected to an
optical driver 728. The optical driver 728 is connected to an
optical cable 730 for output.

In embodiments of the invention, digital channelizers are
used to select the desired content channels, which then can be
converted into an optical signal including each of the selected
channels using a digital to analog converter and read by an
optical decoding device. In certain embodiments, the optical
decoding device may generally be an optical-electrical con-
verter or a photo detector converter or any device capable of
converting an optical signal into an RF signal including pho-
todiodes, photomultiplier tubes and phototransistors. In the
illustrated embodiment, there are twelve channelizers 708
and therefore twelve content channels may be selected out of
the satellite signal, and converted into an optical L-band
signal using a digital to analog converter and optical driver.
Although twelve channelizers 708 are illustrated in FIG. 7,
any number of channelizers can be utilized as appropriate to
a specific application in accordance with embodiments of the
invention. In addition, many applications involve providing
two or more signals to the optical LNB received via one or
more satellites in accordance with embodiments of the inven-
tion.

In many embodiments, scalability is enhanced over tradi-
tional optical LNB implementations. LNBs in accordance
with embodiments of the invention can provide for the output
of an arbitrary number of content channels with the addition
of additional digital channelizers. Traditional implementa-
tions typically utilize one tuner and one SAW filter per con-
tent channel output. Also, embodiments with the digital chan-
nelizer can pack content channels for output closer together
than in an all analog L.NB due to the limitations imposed on
analog LNBs by analog filler roll-off and the fact that sharp
fillers can be implemented in the digital circuit.

Optical Converter with Digital Channelizer Switch

Digital channelizer switches in accordance with many
embodiments of the invention may be utilized in conjunction
with an optical converter. FIG. 8 illustrates an optical con-
verter including an ADC based channelizer switch in accor-
dance with an embodiment of the invention. In the optical
converter architecture of FIG. 8, a photo detector (PD) 802 is
connected to a low noise amplifier (LNA) 804. The LNA 804
is connected to an analog to digital converter (ADC) 806. The
ADC 806 is connected to a channelizer with multiplexer 808.
The channelizer with multiplexer 808 in many embodiments
can be of the same configuration as the channelizer and mul-
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tiplexer combination of FIG. 7 where a multiplexer is con-
nected to a number of different channelizers. In several
embodiments, each channelizer of the channelizer with mul-
tiplexer 808 is combined onto a single common channel that
can be provided to a DAC 810. The channelizer with multi-
plexer 808 is thereby connected to a digital to analog con-
verter (DAC) 810. The DAC 810 is connected to an IF ampli-
fier 812. The IF amplifier 812 is connected to an output 814.

In certain embodiments, the optical signal is converted to
an RF signal with a photo detector 802. In various embodi-
ments, the function of the photo detector may be generally
performed by an optical-electrical converter or any device
capable of converting an optical signal into an RF signal
including photodiodes, photomultiplier tubes and phototrans-
istors. The optical signal typically also contains numerous
selectable content channels. The full 4 GHz band is sampled
by an ADC 806 with a sample frequency of 12 GHz. The
desired output frequency band containing the desired content
channel is selected with digital circuitry, such as a channelizer
with multiplexer 808 and converted to L-band signal with a
high speed DAC 810 sampled at 6 GHz.

In many embodiments, digital circuitry 808 takes the place
of functions performed by analog circuitry in conventional
optical converter architectures. For example, the number of
analog circuits, such as RF mixers, local oscillators, and band
pass fillers, are reduced in comparison with the equivalent
analog circuit shown in FIG. 6. Replacement of analog com-
ponents with digital components can provide savings in
power and cost. Analog RF switching circuitry can also have
a settling time when switching between different inputs. An
equivalent digital implementation in accordance with an
embodiment of the invention may have switching times of the
order of one clock cycle, which may be in the nanosecond
range. The fast switching time can provide a more seamless
user experience.

Digital Channelizer Switch

Digital channelizer switches in accordance with many
embodiments of the invention can utilize a single RF input for
digital selection of any number of channels from the RF input.
FIG. 9 illustrates a channelizer switch in accordance with an
embodiment of the invention. In the channelizer switch illus-
trated in FIG. 9, an RF input 910 is connected to an LNA 912.
The LNA 912 is connected to an ADC 914. The ADC 914 is
connected to a demultiplexer (demux) 916. The demux 916 is
connected to poly-phase fillers 918. Each poly-phase filler
918 is connected to a common N-points FFT 902. The
N-points FFT 902 is connected to two multiplexers (Mux Sell
904. Each multiplexer 904 is connected to a different mixer
920. Each mixer 920 is also connected with a different direct
digital frequency synthesis (DDFS) 906 along with different
N-stage decimation 908. Each N-stage decimation 908 is
connected to a low pass filter (LPF) 922. Each LPF 922 is
connected to a decimator 924 for down sampling by two.
Each decimator 924 is connected to a different variable gain
amplifier (VGA) 926. Each VGA 926 is connected to separate
channel outputs 928. Both VGAs 926 and both channel out-
puts 928 are controlled with an automatic gain control (AGC)
930. Although not illustrated in FIG. 9, in several embodi-
ments, each channel output 928 can also be combined onto a
single common channel using a combiner that can be pro-
vided to a digital to analog converter, all as part of the digital
channelizer switch.

In many embodiments, a Fast Fourier Transform (FFT)
based channelizer 902 is used for coarse frequency tuning.
For example, the outputs may be N_{ft/2 overlapped channels
at6.0 GHz/M, (i.e. where M in FIG. 9 is chosen to be N_{{t/4).
There may be two choices for N_fft: 32 and 64. A poly-phase
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filler may be used for better pass-band and stop-band
response of the filler bank. One example of a poly-phase filler
design is the Chebyshev window. The window length may be
equal to N_{ft for a simple implementation. In other embodi-
ments, any of a number of different filters can be utilized in
the band pass filtering of the channels. Given a real input, only
halfofthe FFT outputs are needed. The FFT Channelizer 902
provides outputs to the multiplexer (Mux Sell 904. For
example, there may be 32 mux for selecting N_{ft/2 channel-
izer outputs for each desired channel. There may also be
DDEFS 906 based fine frequency tuning for each content chan-
nel where each fine frequency tuning block includes one
complex multiplier and one direct digital frequency synthesis
DDEFS running at 6.0 GHz/M. The illustrated embodiment
also features decimation filters 908 and adjacent channel
interference (ACI) rejection filters. There may be multiple
stages of decimation by two filters to bring the sample rate
down to 93.75 MHz. There may also be three types of deci-
mation by two filters used in this design. Also, four fixed
coefficients filters may be used for ACI rejection. For
example, a half-band, %5 band, third-band and a quarter-band.
Lastly, this embodiment features a variable gain stage and
automatic gain control (AGC), where variable gain may be at
the output stage and a single AGC processing unit is used for
all 32 channels’ output gain control.

Therefore, the channelizer switch illustrated in FIG. 9 is
able to take an RF input 910 and digitally select a number of
content channels within a satellite signal from the RF input
910 for content decoding. Although a specific embodiment of
a channelizer switch is illustrated in FIG. 9, any of a variety
digital signal processing circuits can be utilized to digitally
select one or more content channels within a digitized satel-
lite signal in accordance with embodiments of the invention.

Although the present invention has been described in cer-
tain specific embodiments, many additional modifications
and variations would be apparent to those skilled in the art. It
is therefore to be understood that the present invention may be
practiced otherwise than specifically described, including
various changes in the size, shape and materials, without
departing from the scope and spirit of the present invention.
Thus, embodiments of the present invention should be con-
sidered in all respects as illustrative and not restrictive.

What is claimed is:

1. An optical low noise block (LNB) including a digital
channelizer switch configured to select at least one content
channel from an input signal comprising a plurality of content
channels modulated onto a carrier, the optical LNB compris-
ing:

aplurality of inputs, where each of the plurality of inputs is
configured to receive an input signal comprising a plu-
rality of content channels modulated on a carrier;

a plurality of mixers, where each mixer is connected to an
input and is configured to down convert the content
channels to an intermediate frequency signal;

a digital channelizer switch comprising:

a plurality of high speed analog to digital converters,
where each high speed analog to digital converter is
configured to digitize an intermediate frequency sig-
nal generated by one of the mixers;

a multiplexer configured to select digitized intermediate
frequency signals generated by the plurality of high
speed analog to digital converters as inputs to the
plurality of digital channelizers;

a plurality of digital channelizers, where each digital
channelizer is configured to digitally tune a content
channel from the digitized intermediate frequency
signal received from the multiplexer and comprises:
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at least one poly-phase filter,

an N-points Fast Fourier Transform,

a plurality of selectors, wherein each selector is oper-
able to select, among a plurality of outputs of the
N-points Fast Fourier Transform, an output corre-
sponding to a particular content channel, and

a plurality of decimators, wherein each one of the
plurality of decimators is operable to apply one or
more stages of decimation to an output of a corre-
sponding one of the plurality of selectors;

acommon combiner configured to digitally combine the
plurality of content channels digitally tuned from at
least one of the digitized intermediate frequency sig-
nals by the plurality of digital channelizers; and

a high speed digital to analog converter configured to
generate an analog output signal using the output of
the common combiner; and

an optical driver configured to convert the analog output
signal from the high speed digital to analog converter to
an optical output.

2. The optical LNB of claim 1, wherein the mixer com-

prises a local oscillator.

3. The optical LNB of claim 1, wherein the content channel
comprises a digital content channel.

4. The optical LNB of claim 1, wherein the content channel
comprises an analog content channel.

5. The optical LNB of claim 1, wherein the frequency of the
input signal is in the range from 10.7 GHz to 12.75 GHz.

6. The optical LNB ofclaim 1, wherein the frequency ofthe
intermediate frequency signal is in the range from 0.2 GHz to
2.25 GHz.

7. The optical LNB of claim 1, wherein the frequency of the
analog output signal is in the range from 950 MHz to 2150
MHz.

8. The optical LNB of claim 1, wherein the frequency of the
analog output signal is in the range from 950 MHz to 1450
MHz.

9. The optical LNB of claim 1, wherein each high speed
analog to digital converter is configured to sample the inter-
mediate frequency signal at a frequency at least twice the
highest frequency of the intermediate frequency signal and
has a maximum sample rate of 6 GHz.

10. An optical converter with a digital channelizer switch
configured to select at least one content channel from an input
signal comprising a plurality of content channels modulated
onto a carrier, the optical converter comprising:

a photo detector configured to generate a radio frequency
(RE) signal from an input signal found on an optical
cable, the input signal comprising a plurality of content
channels modulated on a carrier as an intermediate fre-
quency signal;

a digital channelizer switch comprising:

a high speed analog to digital converter configured to
digitize the radio frequency signal generated by the
photo diode;

a plurality of digital channelizers, where each digital
channelizer is configured to digitally tune a content
channel from the digitized radio frequency signal and
comprises:
at least one poly-phase filter,
an N-points Fast Fourier Transform,

a plurality of selectors, wherein each selector is oper-
able to select, among a plurality of outputs of the
N-points Fast Fourier Transform, an output corre-
sponding to a particular content channel, and

a plurality of decimators, wherein each one of the
plurality of decimators is operable to apply one or
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more stages of decimation to an output of a corre-
sponding one of the plurality of selectors; and
a high speed digital to analog converter configured to
generate an analog output signal using the output of
the at least one channelizer with multiplexer.

11. The optical converter of claim 10, wherein the photo
detector is selected from the group consisting of photodiodes,
photomultiplier tubes and phototransistors.

12. The optical converter of claim 10, wherein the content
channel comprises a digital content channel.

13. The optical converter claim 10, wherein the content
channel comprises an analog content channel.

14. The optical converter of claim 10, wherein the fre-
quency of the analog output signal is in the range from 950
MHz to 2150 MHz.

15. The optical converter of claim 10, wherein the fre-
quency of the analog output signal is in the range from 950
MHz to 1450 MHz.

16. The optical converter of claim 10, wherein the high
speed analog to digital converter is configured to sample the
radio frequency signal at a frequency at least twice the highest
frequency of the radio frequency signal and has a maximum
sample rate of 6 GHz.

17. A method of selecting at least one content channel from
at least one input signal using an optical LNB with a digital
channelizer switch, where each input signal comprises a plu-
rality of content channels modulated on a carrier, the method
comprising:

receiving at least one input signal at the optical LNB, where

each input signal comprises a plurality of content chan-
nels modulated on a carrier;

down converting the plurality of content channels on each

of the at least one input signal to an intermediate fre-
quency signal using at least one mixer;

digitizing the intermediate frequency signal using at least

one high speed analog to digital converter;

digitally tuning at least one content channel from the digi-

tized intermediate frequency signal using at least one
digital channelizer comprising at least one poly-phase
filter and an N-points Fast Fourier Transform, where
digitally tuning at least one content channel comprises
filtering the digitized intermediate frequency signals
using the at least one poly-phase filter and tuning at least
one content channel using the N-points Fast Fourier
Transform;

processing each signal from the poly-phase filters with a

common N-points Fast Fourier Transform;

selecting, by each of a plurality of selectors, among a

plurality of outputs of the N-points Fast Fourier Trans-
form, an output corresponding to a particular content
channel;

applying, to each of the selected outputs, one or more

stages of decimation;
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generating an analog output signal from at least one digital
content channel digitally tuned from a digitized inter-
mediate frequency signal using at least one digital to
analog converter; and

converting the analog output signal from the high speed

digital to analog converter to an optical output using an
optical driver.

18. A method of selecting at least one content channel from
an input signal comprising a plurality of content channels
modulated on a carrier, the method comprising:

receiving at least one input signal using an optical low

noise block converter (LNB) including a digital chan-
nelizer, where each input signal comprises a plurality of
content channels modulated on a carrier;
down converting the plurality of content channels on each
of the at least one input signals to an intermediate fre-
quency signal using at least one mixer in the optical
LNB;

combining the plurality of intermediate frequency signals
using a common combiner in the optical LNB;

converting the combined plurality of intermediate fre-
quency signals to an optical signal for transmission over
an optical cable using an optical driver in the optical
LNB;

converting the optical signal to a radio frequency signal
using a photo detector in an optical converter;

digitizing the radio frequency signal using at least one high
speed analog to digital converter using an analog to
digital converter in the optical converter;

digitally tuning at least one content channel from the at

least one digitized radio frequency signals using at least
one digital channelizer in the optical converter, wherein:
the at least one digital channelizer comprises at least one
poly-phase filter and an N-points Fast Fourier Trans-
form, a plurality of selectors, and a plurality of deci-
mators; and
digital tuning at least one content channel comprises:
filtering the at least one digitized radio frequency
signals using the poly-phase filter,
tuning at least one content channel using the N-points
Fast Fourier Transform,
selecting, via each one of the plurality of selectors,
among a plurality of outputs of the N-points Fast
Fourier Transform, where output of each selector
corresponds to a particular content channel, and
applying, via each one of the plurality of decimators,
one or more stages of decimation to an output of a
corresponding one of the plurality of selectors; and
generating an analog output signal from at least one digital
content channel digitally tuned from a digitized inter-
mediate frequency signal using a digital to analog con-
verter in the optical converter.
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